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ATTENTION OF:

DRXIB 24 July 1984

SUBJECT: Manufacturing Methods and Technology Program Project Summary
Report (RCS DRCMT-302)

SEE DISTRIBUTION (Appendix II to Enclosure 1)

l. In compliance with AR 700~90, dated 15 March 1982, the Industrial Base
Engineering Activity (IBEA) has prepared the enclosed Project Summary Report.

2. This Project Summary Report is a compilation of MMT Summary Reports
prepared by IBEA based on information submitted by DARCOM major subordinate
commands and project managers. These projects represent a cross section of
the type of efforts that are being conducted under the Army's Manufacturing
Methods and Technology Program. Persons who are interested in the details of
a project should contact the project officer indicated at the conclusion of
each individual report.

3. Additional coples of this report may be obtained by written request to the
Defense Technical Information Center, ATTN: TSR~1, Cameron Station,

Alexandria, VA 22314,

1 Encl JAMES W, CARSTENS
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INTRODUCTION

Background

The Manufacturing Methods and Technology (MMT) Program was established to
upgrade manufacturing facilities used for the production of Army materiel, and
as such, provides direct support to the Industrial Preparedness Program. The
Manufacturing Methods and Technology Program consists of projects which
provide engineering effort for the establishment of manufacturing processes,
techniques, and equipment by the Government or private industry to provide for
timely, reliable, economical, and high-quality quantity production means. The
projects are intended to bridge the gap between demonstrated feasibility and
full-scale production. The projects are normally broad based in application,
are production oriented, and are expected to result in a practical process for
production. The projects do not normally include the application of exiéting
Processes, techniques, or equipment to the manufacture of specific systems,
components, or end items, nor do they apply to a specific weapon system
development or a product improvement program. f

MMT Program Participation

MMT Programs are prepared annually by DARCOM major subordinate commands.
These programs strive for the timely establishment or improvement of the
manufacturing processes, techniques, or equipment required to support current
and projected programs.

Project proposals (Exhibits P-16) are submitted to the appropriate MMT
Program Office. A list of offices is provided in Appendix I. Additional
information concerning participation in the MMT Program can be obtained by
contacting an office listed or by contacting Mr. James Carstens, AUTOVON
793-5113, or Commercial (309) 794-5113, Industrial Base Engineering Activity,
Rock Island, IL 61299,

In anticipation of the lengthy DOD funding cycles, projects must be
submitted in sufficient time for their review and appraisal prior to the
release of funds at the beginning of each fiscal year. Participants in the
program must describe manufacturing problems and proposed solutions in Exhibit
P-16 formats (see AR 700-90, 15 March 1982, for instructions). Project
manager offices should submit their proposals to the command that will have
mission responsibility for the end item that is being developed.

Contents

This report contains summaries of 100 completed projects that were funded
by the MMT Program. The summaries are prepared from Project Status Reports
(RCS DRCMT-301) and Final Technical Reports submitted by organizations
executing the MMT projects. The summaries highlight the accomplishments and



benefits of the projects and the implementation actions under way or planned. .
Points of contact are also provided for those interested in obtaining addi-
tional information.

The MMT Program addresses the entire breadth of the Army production base
and, therefore, involves many technical areas. For ease of referral, the
project summaries are grouped into six technical areas. The technical areas
are: CAD/CAM, Electronics, Inspection and Test, Metals, Munitions, and Non-
Metals. Abstracts were prepared to highlight projects which achieved note-
worthy accomplishments.

This report was also organized and bound to facilitate its disassembly. A
disassembled report may be used to selectively circulate certain summaries and
for filing of selected summaries for future reference.

The Summary Reports are prepared and published for the Directorate for
Manufacturing Technology, DARCOM, by the Manufacturing Technology Division of
the US Army Industrial Base Engineering Activity (IBEA) in compliance with
AR 700-90. The report was compiled and edited by Mr. Andrew Kource, Jr. and
ably assisted by Ms. Eileen Griffing and Ms. Sally Weckel with the typing and
graphics arrangements.




HIGHLIGHTS OF NOTEWORTHY PROJECTS

Project Number Project Title

H79-5042 Manufacturing Methods for Large Diameter
Nd: YAG Laser Crystal

Neodymium doped yttrium aluminum garnet (Nd:YAG) boules
used for fabricating laser rods are now grown exclusively by
the Czochralski method, a process developed in the 1960's.
This project's purpose was to increase yields of high quality
laser rods by producing larger diameter crystal boules. As a
result of this effort, cost savings of $300 per rod were
achieved, $1.5 million per year savings are estimated giving a
$7.5 million total for a five-year production requirement.
Project results were directly implemented at Litton
Industries, Airtron Division.

H79 9783 Production of High Resistivity Silicon
Material

Increased demand for high purity silicon wafers used for
making silicon circuits for phased array radar, optical fuses,
and photo detectors for laser seeker ammunition far
outstripped domestic manufacturing capacity. The goal of this
project was to establish a domestic source for wafers. The
Industrial Products Division of Hughes Aircraft Company,
Carlsbad, CA, and Westech Systems of Phoenix, AZ, developed a
manually controlled zoner for producing detector grade
silicon. The manually controlled zoner installed at Hughes is
now a domestic source of very high quality silicon. It should
reduce the cost of wafers by a factor of 2.8 or 3.

679 7555 Dynamic Pressurization Acceptance
Testing of Slide Block Breech Mechanism

The slide block breech mechanism's functional and proof
production acceptance testing is currently performed at a
proving ground by live firings. This testing is both time
consuming and costly. The objective of this project was to
design a testing simulator to reduce time and cost involved
with live testing. The primary benefits realized from this
effort by the Army was the capability to simulate the slide
block breech mechanism production acceptance testing. This
simulated acceptable testing has reduced the live firing
requirements by 75 percent.

Page
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R80 1023 Digital Fault Isolation for Hybrids

The growing use of LSI circuits, microprocessors, RAMS,
and ROMS has increased the need for more efficient and
economical production testing of the hybrid devices in which
they are contained. This effort was funded to establish fault
isolation and automotive functional testing for digital hybrid
micro-electronic assemblies (D/HMA). Benefits realized
include improved techniques for detection, identification, and
location of faults in complex D/HMA's. Hybrid circuit test
times and operator error were reduced, and testing reliability
was increased. An estimated 30 percent reduction in fault
costs with savings of $450,000 per year should result.

178, 79 7284 Superplastic Forming/Diffusion Bonding
(SPF/DB) of Titanium for Helicopter
Airframe Component

The need for improved performance aircraft has emphasized
the need for lighter weight airframes. This project developed
a process of (SPF/DB) of titanium for helicopter airframes,
The left firewall of an A-64 attack was used as a prototype
production component. The process developed reduced the
number of fabrication details from 53 to 11, number of
fasteners from over 1000 to 314, and decreased weight from 17
to 14.2 pounds. These reductions in materials and operation
would save $105 million in production costs and weight savings
will save an additional $105 million. Using both left and
right firewalls would save $6 million. Implementation is
recommended for the AAH-64 helicopter.

T78, 80, 81 5085 Production Techniques for Fabrication of
Turbine Engine Recuperator

In order to reduce welding time and cost, a 2-phase
program of screening and verification testing of various
welding techniques was undertaken. The machine selected was a
2 kw continuous output CO, laser with computer controlled
moving output mirrors to allow high speed welding of complex
joints. Two recuperators were fabricated and one was engine
tested with excellent results. This project is now
implemented at Avco-Lycoming, the Army contractor for the AGT
1500 engine. Cost saving of $4.1 million is anticipated based
on production forecasts.

ME-21




681 8113 Establishment of Ion Plating Process for ME-49
Armament Parts

Current cadmium electroplating techniques have been found
to cause hydrogen embrittlement of high strength steels and
alloys, and solid metal embrittlement of cadmium structures.
Cadmium is also hazardous to the environment. This project's
goal was achieved through the technique of aluminum ion
coating. This aluminum coating provides such benefits as:
increased thermal operation range 450°F to 925°F and better
corrosion protection; no metal embrittlement; allows fuel
contact; no toxic waste. Approximately 3,000 armament
components will benefit from this coating change.

578, 79 80 4469 Automated Insertion of Grenade Layers MU-22

The objective of this effort was the design, fabrication
and prove-out of an automated system to insert prepacked
grenade layers into the M483A projectile at a rate of six
layers per minute while checking for all possible defects.
The machine chosen was an Allen Bradey Programmable Logic
Controller (PLC). The system was thoroughly tested and
determined to be acceptable for the task. The PLC is also
readily adaptable to the same task with the M509 projectile.
With this system, operator cost will be reduced, many
personnel hazards will be eliminated, and product reliability
will be increased - realizing a $1,700,000 savings annually,
Installed at Kansas Army Ammunition Plant.

579, 80 4498 Development of Methodology for MU-26
Consolidation and Automated Assembly of
Small Mines

The objective of this effort was to increase the
reliability, safety, and quality of the manufacturing
processes for systems to deliver scatterable mines through
" automation. Prototype equipment was developed which will
reduce human involvement and chances for error, and increase
assembly safety and reliability. A faster manufacturing
process will reduce manhours of direct labor and production
cost. The results of this effort have been implemented at
Iowa AAP,.




681, 82 7966 Manufacture of Tritium Powered
Radioluminous Lamps

The goal of this effort was to improve the method of
manufacturing radioluminous lamps by establishing new process
controls which would prevent accellerated brightness decay,
Four contractors provided a total of 600 samples which
reflected the condition of the lamps and their constituents at
seven different stages of completion in the manufacturing
cycle. Prior to this MMT effort, the lifespan of tritium
lamps ranged from two to four years. By improved production
methods, the lifespan will increase to six and possibly eight
to 10 years. New specifications for tritium lamp manufacture
will be released during the fourth quarter of FY84.

R79, 80 3142 Production Methods for Low Cost Paper
Motor Components

The cost of a typical missile case has frequently been. as
much as 50% of the cost of the total rocket propulsion
svstem. The objective of this effort was to establish the
appropriate manufacturing methodology for producing low cost
paper motor components. Kevlar Paper is the preferred
material for the usage planned, given its cost and weight
savings and increased strength; however, implementation
must wait for a commercial source of Kevlar paper in widths of
72 to 100 iuches.

N-44
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project 381 1072 titled "Multiple High Reliability/Low Volume LSI
Manufacturing (CAM)" was completed by the US Army Missile Command in June
1983 at a cost of $1,540,000.

BACKGROUND

The Department of Defense pays excessively when procuring integrated
circuits (ICs) for mature systems where parts are no longer available. DoD
procurements are typically low volume for any particular IC type while the
semiconductor industry is geared to supply parts in high volume for
industrial or consumer items. DoD needed a source for discontinued or
obsolete semiconductors. This problem was magnified by the many technologies
used to manufacture semiconductors for the individual Services.

SUMMARY

The program's objective was to develop a new approach for making ICs
using multiple technologies in a single facility. This would be done by
dividing the processes into manageable process building blocks and, using the
group technology approach, establishing a common technology for those blocks.

Initially, a survey of current and near future industry methods was made
and the results analyzed to form a basis for a fabrication plan. Next, a
processing plan was developed to show fabrication techniques, process flows,
process specifications, equipment needs, and capacity required.

First, common process steps were developed for both positive and negative
photoresist methods. Then the problem of handling a large mask inventory was
addressed. Logic arrays were used to cut mask inventory where possible and
the mask inventory was computer controlled.

After analyzing various etching methods, optimum techniques were selected
for each of the photolithographic steps. Demonstration lots were run to
prove the processes at the specified rate and provide data for evaluation.

Next, a multi-dopant source was obtained and exercised; procedures were
demonstrated for both liquid phosphorous and liquid boron deposition systems
and a diffusion furnace programmed for the diffusion and oxidation steps.
Finally, chemical vapor deposition of either nitride or polysilicon was
demonstrated.



Control of the above procedures was defined in "computer aided
manufacturing” language and software written to serve as a data bank for
process parameters. As needed, this data is transferred to the process
building blocks for operator-less control.

BEKEFITS

Benefits cannot be fully realized until Task II, Project 382 1072, is
completed. Metallization was not covered in Task I and, thus, wafers cannot
be tested, diced into chips, or the chips tested.

IMPLEMENTATION

Plans for use of project results were accomplished through distribution
of the final technical report and by a technical seminar that presented the
results of Task I to industry representatives.

KMORE INFORMATION

Additional details can be obtained from the project officer, Mr. Daron
Holderfield, US Army Missile Command, Attn: DRSMI-RST, Huntsville, AL
35809, AUTOVON 746-8487 or Commercial (205) 876-8487. The contract number .
was DAAHO1-81-D-A029/0001.

Summary report, Jun 84, was prepared by C. McBurney, Manufacturing Technology .
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Projects 277 9835 and 279 9835 titled "MMT - Integrated Thin Film
Transistor Display™ were completed by the US Army Electronics Research and
Development Command in December 1982 at a cost of $449,000 and $600,000,
respectively.

BACKGROUND

Large scale display integration through active matrices formed by thin-
film deposition techniques is a technology currently undergoing expansion.

Aerojet Electrosystems developed a small 256-character flat panel,
active-matrix addressed Thin Film Transistor (TFT) electroluminescent
display. This device was built in the laboratory with manually-operated
vacuum systems using "variable-aperture” masks and evaporation deposition
techniques to define thin film patterns on glass substrates. Manufacturing
techniques for multiple evaporations that reduce blemishes and cycle time
while maintaining TFT uniformity over the glass substrate were now needed for
production.

SUMMARY

Aerojet Electrosystems Company at Azusa, CA was awarded a multi-phase MMT
contract to establish low cost production methods for flat panel thin film
transistor addressed displays. The active panel display area consisted of
224 X 80 (17,920) elements (Pixels), each controlled by two TFT transistors,
a capacitor, and a set of interconnecting busbars. This matrix was fabri-
cated on the single 2.5 inch by 5 inch glass substrate shown in Figure 1.

The process profile for fabricating the display is outlined in Figure 2.
Panels were built in four major layers or "stacks"” listed below:

(1) EL stack contains the electroluminescent phosphor and all thin
films needed for an EL display.

(2) Counterelectrode stack includes the pixel electrode and divider
capacitor, and ground plane.

(3) TFT stack includes all pixel circuit elements.

(4) Addressing stack includes the row and column lines with
intermediate dielectric.



Figure 1 - Flat Panel EL Display

MAJOR LAYERS SCHEMATIC OF FILMS PROCESS STAGES
Test Display
Row Leads Vacuum Deposit and Define Metal
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TFT Stack B= —= Single Pumpdown For TFT
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olectrode ielectric Vacuum-Deposited Dielectric
Steck
Counter- TestEL
electrode — — — — — Vacuum-Deposited Al
Dielectric+ SgeslEU
L
EL Stack ZnS —- ~ B Single Pumpdown For EL
Dielectric-
Sputtered ITO
— J Glass Substrate

Figure 2 - Process Profile

Panels were made using 15 kovar metal vacuum deposition masks with fixed
aperatures. The masks, dedicated to a particular design, were constructed
utilizing computer aided design (CAD). Sputtering was accomplished with a
magnetron S—gun sputtering machine purchased from Sputtered Films, Incorpo- .
rated. Vacuum deposition was performed by a four-pocket rotary electron beam
source and resistance heated boats. The deposition fixturing was furnished

by CHA Industries.
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Indium Tin Oxide (ITO) sputtered on the glass substrate provided a
transparent conductive front electrode for the EL stack. The EL phosphor
material was ZnS with Mn/Cu as the primary activator. Y03 and Al03 were
used for the dielectric material. TFT materials vacuum deposited were
aluminum oxide (Al1903) for the insulator cadmium selenide (CdSe) for the
semiconductor, and nickel gold (Ni/Au) for the source-drain.

Significant equipment innovations were the following:

(1) Ball and race aligned tooling set for mask and substrate
registration.

(2) Magnetic pulldown for mask clamping to substrate.
(3) Tool and mask carousel for in-chamber vacuum interchange.
(4) A three chimney vapor vacuum deposition chamber.

Results included a basic cell redesign and a greatly simplified aperture
mask set which changed substrate processing from a 43 step process to a 31
step process. The need to ion mill was eliminated by using overlapping
additive mask deposition. Capacitive coupling was minimized through
geometric design of overlapping areas.

Despite these improvements, the resulting displays did not operate
satisfactorily. The yields of the four separate stacks (EL, counterelec-—
trode, TFT, and addressing) were high, however all the stacks could not be
built upon each other monolithically and operate properly. It was determined
that the roughness of each surface was replicated and amplified as additional
layers were deposited. This was responsible for the final surfaces being too
rough to perform without breaking down electrically.

BENEFITS
Problems experienced relating to surface morphology precluded continua-

tion of the work. It was concluded that the overall process was not suffi-
ciently mature for a pilot plant operation.

IMPLEMENTATION

Because of failure to achieve stated objectives, this MMT project was not
implemented.

MORE INFORMATION

Additional information may be obtained from Mr. Robert Miller, CECOM,
Ft. Monmouth, NJ, AUTOVON 996-5205 or Commercial (201) 544-5205. The
contract was DAAB-07-77-C-0583.

Summary report, Jun 84, was prepared by S. Yedinak, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project 576 3062 titled "Pellet Thermal Power Supply Technology” was

completed at Harry Diamond Laboratories for the US Army Armament, Munitions
and Chemical Command in September 1983 at a cost of $150,000.

BACKGROUND

Most production thermal batteries use the Ca/LiCl-KCl eutectic -
Sioz/CaCr04 electrochemical system. The cells are chemically inert at
ordinary ambient temperatures (-54 to +74°C) because the melting temperature
which activates the battery is 335°C. Hence, long shelf lives (up to 25
years) are possible. The system is generally highly reliable (99.998% at a
90% confidence level) and suitable for nuclear applications.

The electrolyte-cathode comprises three major components: 1) Depolarizer
CaCr04, 2) Electrolyte, LiCl-KCl eutectic and 3) Binder, Si02 and is called

DEB powder. The powder is made by a series of heating, sieving, grinding, and
mixing procedures. At the end, the powder is pellﬁtized into the desired
shape by pressing at a nominal force of 20 tons/in”.

In developing a new more demanding battery, the PS132, a new problem
arose. Of five DEB powders supplied by a commercial source, one was
successful in the PS132, one was apparently successful but of limited
quantity, one produced frequent battery failures, and two produced batteries
that failed almost invariably. An analysis showed that the major cause of
battery failure was the formation of an excessive amount of Cali2 molten
metal. The CaLi2 forms during normal operation of the battery and can cause
electrical short circuits.

The DEB powder manufacturer had no test for the quality of the powder
except for its performance in an actual battery. Testing the powder in this
way is time consuming and subject to error because factors other than
improperly processed DEB powder can cause battery failure.

SUMMARY

The goal of this project was to establish better methods for DEB
preparation and inspection so that batch-to-batch variations could be
minimized. Hence, it was hoped to establish processes, process controls, and
methods for materials evaluation to accomplish this. A typical pellet cell is
shown in Figure 1.

The ultimate criterion for powder acceptability in this study was proper
powder performance in the PS132, The PS132 design was particularly
appropriate as a test vehicle because a large quantity of PS132 electrical
performance data was avallable from the development program at Harry Diamond ‘




Laboratories (HDL). Also, the PS132 was designed to meet rather severe
requirements of size, life, and power. Hence, small differences in DEB
characteristics have a much greater effect on battery performance than would
be seen in a battery having more relaxed requirements.

INTERCELL COLLECTOR ELECTRODE
CONNECTOR
SATURATED POSITIVE (DEPOLARIZER)
+
D A\, \ WA \ A \S S A\ \ VAL \ O U \N
T/ /A / S S | A/ S / A/ S
ELECTROLYTE INTERCELL
CALCIUM COLLECTOR ELECTRODE CONNECTOR

Figure 1 ~ Cross Section of a Typical Pellet Cell

After finalizing the PS132 design, commercially available DEB powders were
tested for their performance in the PS132. Laboratory tests to distinguish
usable from unusable powders were then examined. Commercial and
in-house prepared depolarizer-electrolyte-binder (DEB) powders and
constituents were characterized in terms of chemical composition, homogeniety,
surface area, impurity content and flow characteristics in the molten state.
These characteristics were correlated with the electrochemical performance of
batteries built with these powders.

While no quick and simple test for powder acceptability has been found, it
was determined that for thermal batteries with severe performance
requirements, the binder content of the DEB powder used is the critical
element. Also, uniformity of the powder is very critical. Finally, it was
shown that unacceptable powder with the proper binder content can be made
acceptable by reheating and/or reblending to improve uniformity.



BENEFITS
The principal
quality and lower

homogenity of DEB
thermal batteries

IMPLEMENTATION

For pertinent
guaranteed powder

MORE INFORMATION

benefits from this project are improved thermal battery ‘
rejection rate. This comes from the knowledge learned that

powder is the critical element when they are to be used in

of severe performance requirements.

thermal power supplies, TDP's now include requirements for
homogeniety.

Additional information on this project can be obtained from the project
officer, Dr. J. T. Nelson, Harry Diamond Laboratories, AV 290-3114 or
Commercial (202) 392-3114.

Summary report, June 84, was prepared by Wayne Hierseman, Manufacturing
Technology Division, US Army Industrial Base Engineering Activity, Rock

Island, IL 61299.




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project 579 3960 titled "Prototype Producing Equipment for Printed
Circuit Boards™ was completed by Harry Diamond Labs (HDL) in February 1982 at
a cost of $405,000.

BACKGROUND

Printed Circuit Boards (PCBs) made separately or as multiples on small
sheets experience processing problems when transferred to large sheet multi-
ple array commercial production. Problems with very fine line width and
spacing, wave solderability, registration between layers, and in-process
handling show up in volume production. A Technical Data Package (TDP) for a
prototype usually needs revision to reflect modifications needed to accom-
modate production and this revision dictates retesting.

SUMMARY

This program was aimed at simulating a commercial environment within the
laboratory. Equipment used in industry was procured, installed and used at
HDL. Several preliminary design packages were verified on the line and
problems found in circuit board manufacture were documented and fed back to
the design engineers. They took these requirements into consideration during
design revision.

Other items of equipment were procured and installed at HDL to permit
fabricating multilayer boards and larger circuit array sizes using both the
common subtractive etching process and the newer additive plating process.
Items procured include a ComputerVision plotter, an exposer, developer,
etcher and laminator. Two items are shown in Figures 1 and 2. A multi-drill
and router procured on another project were also used.



Figure 1 - Computer—-Terminal Work Station

Figure 2 - CV 150 Photoplotter




BENEFITS

Several systems have had their preliminary design packages for PCBs
tested on this system: SEAGNAT fuze, unattended expendable jammer, multiple
launch rocket system, M732 fuze product improvement program circuitry, M817
fuze circuitry, and others as required.

IMPLEMENTATION

This project was self-implementing at Harry Diamond Laboratories. A
brochure illustrating the support capabilities of the Electronic Engineering
Technology Branch may be obtained from NTIS or DDC. Its title is "Electronic
and Microelectronic Capabilities”, HDL-SR-82-5.

The facility is available to support prototype electronic manufacturing
needs of any Government agency. It can be used to make both PCBs and hybrid
circuits.

MORE INFORMATION

Additional details may be obtained from Mr. Raymond Baker, HDL, Adelphi,
MD, 20783, AUTOVON 290-2840 or Commercial (202) 394-2840.

Summary report, Jun 84, was prepared by C. McBurney, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.



MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project H78 3511 titled "Fabrication of Submicron Photomasks for Inte-
grated Circuit Devices” was completed by the US Army Electronics R&D Command
in July 1982 at a project cost of $732,000.

BACKGROUND

When this project was initiated, optical lithography using incandescent
light limited the fabrication of integrated circuits (ICs) to line widths of
two to three microns (millionths of a meter) and line lengths to five milli-
meters. Very large scale integrated circuits (VLSIs) required submicron line
widths, and line lengths to 10 mm. This project would attempt to demonstrate
an ultra-violet lithographic system capable of use in a production environ-
ment for fabricating 1.25 micron devices over a one-centimeter area with 0.1
micron alignment accuracy and at a cost lower than competing methods.

SUMMARY

Hewlett-Packard, Rockville, MD and Optimetrix, Mountain View, CA,
developed and specified machine design parameters that permit production of
equipment within which shorter wavelength (ultra-violet) optics can be used
and higher alignment accuracy achieved. Using this equipment submicron
device geometries are being produced on substrates in a production environ-
ment. Both the wafer stepper X-Y table and pattern generator parallel plate
exposure system had to be modified for finer movement.

The first phase of the program was to develop specifications for purchase
of a modified pattern generator interfaced to a computer—-type controller to
provide on-line correction of pattern faults and detection of gross pattern
errors.

The second phase was to modify an industry standard pattern generator-—
image repeater to produce half-micron patterns. A higher quality reticle was
used in the image repeater and the pattern generator was modified to produce
hard surface reticles with finer (0.025°) angular resolution. A shorter
wavelength ultra-violet light source was used to produce an even finer direct
printing on the device substrate.
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BENEFITS

This program demonstrated an optical system capable of fabricating sub-
micron devices over an area one centimeter square in a production environment
at a cost lower than other competing methods. The direct wafer stepper with
on-line error correction and image pattern reversal are in use at Harry
Diamond Laboratories.

A paper describing the system was given at the 13th Annual MTAG Confer-
ence in San Diego, CA, in April 198l. A presentation on the system was also
made to VHSIC contractors.

IMPLEMENTATION

The project was self-implementing in that the prototype exposure system
was demonstrated and then put into use at Harry Diamond Laboratories in the
exposure of submicron integrated circuit mask sets.

It is said that all six contractors producing VHSIC devices are using
this technology for the 1.25 micron phase of the program.

The concepts proven here may be put to use on any of one-hundred existing
pattern generator-image repeaters operating in the United States today.
Economics and need drive this conversion; a 10-year potential savings of up
to $3 million is predicted.

MORE INFORMATION

Additional details may be obtained from Mr. Robert Reams, Project Officer
at HDL, AUTOVON 290-1390 or Commercial (202) 394-3190. The contract numbers
at Hewlett-Packard were DAAG-39-F-5452 and 1175, and the number at Optimetrix
was DAAK-80-B-9037.

Summary report, Jun 84, was prepared by C. McBurney, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project H79 5042 titled "Manufacturing Methods for Large Diameter Nd:YAG
Laser Crystals™ was completed by the US Army Electronics Research and
Development Command in June 1983 at a cost of $469,224.

BRACKGROUND

Neodymium doped yttrium aluminum garnet (Nd:YAG) boules used for
fabricating laser rods are now grown exclusively by the Czochralski method, a
process developed in the 1960's. At the time of contract award, production
boules grown were approximately 1.25-1.50 inch (32 mm - 38 mm) in diameter.
This project's purpose was to increase yields of high quality laser rods by
producing larger diameter crystal boules. Preliminary investigation
indicated that a 2.0 inch (50 mm) boule diameter was attainable. This size
could nearly double rod yields per boule. 1In addition to crystal growth, the
effort included rod fabrication and quality testing.

SUMMARY

Litton Industries, Inc., Airtron Division, was funded to refine the
Czochralski method to produce larger diameter 2 inch (50 mm), Nd:YAG crystal
boules. 1In current production, this method consists of seeding and pulling a
crystal from a melt contained in an iridium crucible. The crucible is heated
by means of KHz radio frequency (RF) induced currents.

A conceptual view of the basic crystal growth station is presented in
Figure 1. The iridium crucible is size optimized at 4.5 inch diameter, and
4.5 inch height. It is supported by concentric zirconia tubes, surrounded by
zirconia grain insulation, and enclosed in a quartz cylinder.

Factors which affect Nd:YAG boule growth are a three component system,
operating temperatures, a 1975°C melting point, low distribution coefficient
(0.18) for Nd, faceting phenomena, and high melt thermal convection. 1In
addition the Nd:YAG growth rate from the melt is a low 0.5 mm/hr. This
places an extremely high demand on the temperature control system.

It was determined best results could be achieved by growing the crystal
with a very steep solid/liquid interface projecting down into the melt.
While this highly convex shape results in a core formation from facets
developed at the tip of the growth interface, most of the strain is confined
to a 3-4 mm diameter core region. High quality laser rods can then be
extracted from the outer portion of the crystal cross section and in between
the radial strain lines.
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Figure 1 - Outline of Basic Growth Station

Initial runs presented difficulties in enlarging the seed crystal to the
finished diameter. Most boules were strained and cracked spontaneously. A
technique for gradual enlargement of the seed worked more satisfactorily and
allowed short sections of two inch boules to be grown. Cracking of boules
was related to blossom formation after seeding, and was caused by large
radial gradients in the melt. Measurements were made to define and minimize
these gradients for increased chances of large boule growth. The radial me.t
gradient was reduced by replacing the top two inches of zirconia insulation
surrounding the crucible with an alternate insulation. Zirconia with a
stabilizing additive of Dy703 rather than Y503 or Ca0 was the substitute.
Also melt isotherms were matched to the growth interface by an optimized 15
rpm rotation rate. The growth process which was developed produced boules
meeting the goal of 50 mm diameter and 75-100 mm length.

Laser rods were core drilled from the boule utilizing a diamond drill.
See Figure 2. After core drilling, rods were ground and polished in a batch
processing fixture 15 rods at a time. Antireflective and dielectric coating
were applied to opposite rod ends. A group of six laser rods completely
fabricated and coated is shown in Figure 3.

An autocollimator was used to measure end face perpendicularly. Scratch
and dig standards were utilized to check the polished rod faces, and a Cary
spectrophotometer was used to measure reflectivity of the end coatings. A
final check for rod optical distortion was performed by means of a
Twyman—-Green interferometer.

Quality control passive tests showed that specifications were retained by
more than 90 percent of the extracted rods.
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BENEFITS

As a result of this effort, considerable cost savings were achieved.
AN/GVS-5 laser rod cost has been reduced from $600 per rod to $300 per rod.
Cost saving for one year is estimated at approximately $1.5 million. Total
saving of $7.5 million is anticipated, based on a five year production
requirement.

IMPLEMENTATION

Project results were directly implemented into production at Litton
Industries, Airtron Division. Five new crystal growth stations for
producting larger Nd:YAG boules have been installed and are operating. In
addition to the Army AN/GVS-5 Laser Rangefinder, Navy TRAM, Air Force PAVE
TACK and NATO projects are relying on production of this material.

MORE INFORMATION

Additional information may be obtained from Mr. Albert Pinto, US Army
Night Vision and Electro-Optics Laboratory, Fort Belvoir, VA, AUTOVON
354-4766 or Commercial (703) 664-4766.

Summary report, Jun 84, was prepared by S. Yedinak, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Projects HB80 5110 and H81 5110 titled "MMT for Common Module Detector
Array” were completed by the US Army Night Vision and Electro-Optics Lab, US
Army Electronics R&D Command, in September 1983. Total project costs were
$1,150,000 and $955,000 for the respective fiscal years.

BACKGROUND

Yield and throughput of Mercury Cadmium Telluride (HgCdTe) detector
arrays and dewars (cold fingers) were low when this program was initiated in
July 1980. Yield was only 12 percent and throughput was only four lots or 16
wafers per month. Goals of the MMT program were to raise the yield to 15
percent and throughput to 10 lots or 40 wafers per month,

Yield is dependent on the ability to characterize the material early in
the process, to automate the lapping and polishing procedures, and to install
the cold shield without damage to the detector array.

SUMMARY

This was a multi-contractor, multi-year effort to develop new methods for
mechanized lapping and polishing of HgCdTe wafers, automatic non-contact
thickness measurement, batch wafer passivation, automatic single measurement
for cold shield placement, application of bulk anti-reflective coating, and
computerized wafer spectral scan. These methods were successfully mechanized
at each contractor's facility, although somewhat differently because each
contractor manufactures the detector/dewar in different manners. An illus-
tration of the array fabrication procedure is depicted in Figure 1. Not all
of the processing steps and none of the inspection procedures are shown.

They add considerably to the manufacturing complexity.

Improvements made at Santa Barbara Research Center (SBRC) consist of
mechanized lapping of wafers, non-contact thickness measurement, automatic
optical microscopic inspection, bulk wafer passivation, computerized spectral
scanning and evaluation with a printout of each wafer, bulk application of
improved anti-reflective coating, and batch wafer passivation,

Honeywell initiated a pre-process material screening technique, a better
array beveling method, an improved kovar coldshield, and several process
ilmprovements which were passed on to the production department as soon as
they were proven.
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Figure 1 - HgCdTe Array Fabrication
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As a second part of this project, Honeywell Electro-Optics Operations at
Lexington, MA, developed a procedure to test dewars (coolers) in a dynamic
mode. The need for the test became apparent when the detectors were attached
to the motorized coolers; the vibration of the compressor piston showed up in
the output of the IR detector. The solution was to use a bellows between the
cold finger and the cold well. Now a microphonics test is part of the
acceptance procedure for all detectors.

At the time these contracts were being negotiated, the Air Force
Materials Labs let a contract with Hughes Santa Barbara Research to improve
the electrical leadout and interconnect system. This action reduced the
amount of funding needed by Army to pursue its work.

BENEFITS

The work at SBRC resulted in raising the yield from 12 percent to 16 per-
cent and the throughput from 16 to 64 wafers per month. Labor hours were
reduced 40 percent, staff 63 percent, and floor space 35 percent.

Work at Honeywell resulted in a yield improvement of from O to 15 percent
and a throughput of from 0 to 4 detectors per day. Work on the microphonics
resulted in a baseline test station that will become part of the Initial
Production Facility.

IMPLEMENTATION

Results were implemented at Honeywell Electro-Optics Center, Lexington,
MA, and at Santa Barbara Research Center, Goleta, CA. The detector arrays/
dewars are used in the common module employed in a number of items: AAH TADS
Target Acquisition Designation System, PNVS Pilot Night Vision Systenm,
Drivers Viewer, Ml Tank Thermal Sight, Fighting Vehicle Sight, AN/VSG-X, and
other viewers.

MORE INFORMATION

Additional details may be obtained from Mr. Eugene Lambert and
Mrs. Marilyn Jasper, US Army Night Vision and Electro-Optics Labs, AUTOVON
354-1861/1263 or Commercial (703) 664-1861. The SBRC final report on
Contract DAAK70-80-C-0073 was authored by Mr. Kaye D. Treese and titled
“"Manufacturing Methods Report" and is available from DDC. The Honeywell
final report on Contract DAAK70-80-C-0072 is classified Confidential and is
available to qualified requestors.

Summary report, Jun 84, was prepared by C. McBurney, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project H79 9783 titled "Production of High Resistivity Silicon
Material™ was completed by the US Army Electronics Research and Development
Command in August 1982 at a project cost of $918,00.

BACKGROUND

Increased demand for high purity silicon wafers used for making silicon
circuits for phased array radar, optical fuses and photodetectors for laser
seeker ammunition far outstripped domestic manufacturing capacity. Wafers
were obtainable from Wacher Chemical Corporation of West Germany on a
commercial basis but it was considered important that a domestic source be
established. A previous MMT Project H76 9783 at Hughes developed a small
machine for making small boules but a larger, automation-ready machine was
sought for greater economy.

Two main processes are needed for the manufacture of high purity
silicon. The first is purification of silane from a special sand and
formation into rods of polycrystalline silicon. The second is vacuum zone
refining of the polycrystalline rod into single crystal rod. A subsequent
finishing process consists of cutting the rods into wafers and polishing both
sides.

SUMMARY

The Industrial Products Division of Hughes Aircraft Company, Carlsbad,
CA, and Westech Systems of Phoenix, AZ, developed a manually controlled zoner
for producing detector grade silicon having resistivity of 9,000 to 30,000
ohm-cm with dislocation densities under 1,000 per sq. cm. See Figure 1.
High purity silicon is processed from high purity polysilicon rods using
multiple-pass vacuum float zoning equipment, the subject of this project.
The new equipment is unique in that it uses no cruicible to hold the
material. A rod of silicon is held at top and bottom and is rotated and
lowered through RF heating coils to permit single-crystal growth. The
facility established at Hughes is now a domestic source of high purity
silicon and supplies specified material to detector manufacturers. The zoner
is adapted for addition of automatic controls which will include zoning
program control and a computerized molten zone sensing system.
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Figure 1 - Intrinsic Silicon Prototype Zone Refiner

Procedures were previously developed for cutting wafers by diamond gang-
sawing the long rods, and then lapping and polishing both sides to precise
dimensions and surface finish. Double sided free polishing of the wafers was
employed; using special pads and compounds, it chemically-mechanically
polishes both sides of the wafer at the same time. A zirconium-silicate
slurry is used in the rough cut and silicon gel in the final polish with
different pads used in each step.
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High resistivity wafers are sold to several firms for processing into '
phased arrays, optical fuzes, and quadrant detectors. Results confirmed the
suitability and high quality of the slices. Quadrant detectors have lower
dark currents than those made from other material and are excellent detectors
of 1.06 micron laser radiation. High resistivity results from low boron
concentration and uniform resistivity gradient across the slice.

BENEFITS

This and previous work at Hughes resulted in the establishment of
procedures and equipment for vacuum zone refining of polycrystalline rods
into high purity single crystal rods which are cut and polished into wafers
for use in several high priority items named above.

Data from these pilot operations were analyzed with respect to yield and
cost and it is apparent that cost could be further reduced by automating the
Zoning process. Follow-on Army Project H82 5183 addresses this improvement
with computer control being applied to the new zoner.

IMPLEMENTATION

The manually controlled zoner installed at Hughes is now a domestic
source of very high quality silicon and is capable of producing material to
the specifications of detector manufacturers. Two zoners provide 3.5
kilograms per month; to produce 15 kilograms per month would require nine .
manually operated zoners or four automated machines. Project H82 5183 was
initiated to develop automated vacuum zone refining equipment and
procedures. It should reduce the cost of wafers by a factor of 2.8 or 3.

With the double sided polishing procedure implemented into production on
a previous project, high resistivity P-type silicon is available for
rangefinders, designators, and quadrant detectors for Copperhead, Hellfire,
Maverik, and Paveway missiles, and N-type silicon is available for phased
array radar and optical fuses.

MORE INFORMATION

Additional information may be obtained from the Final Technical Report
5142-001 titled "Manufacturing Technology to Establish Processes and a
Domestic Source of Detector Grade Intrinsic Silicon" or by contacting
Mr. Robert Savage, ERADCOM, AUTOVON 995-2887 or Commercial (201) 544-2887.
The contract number was F33615-79-C-5142. A second report is available from
DTIC titled "Automatic Zoning of Detector Grade Silicon" AFWAL-TR-82-4057.

Summary report, Jun 84, was prepared by C. McBurney, Manufacturing Technology '
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project H79 9877 titled "Light Emitting Diode (LED) Array Common
Modules™ was completed by the US Army Electronics Research and Development
Command in December 1982 at a cost of $626,000.

BACKGROUND

At the time of contract award, there were two problem areas associated
with high production rate LED common modules.

(1) High quality GaAsP array material was not normally available
from commercial suppliers.

(2) Hand labor and low yield array fabrication techniques were
utilized which were not compatible with production.

Project objectives were two-fold

(1) Establish a Vaphor Phase Epitaxial (VPE) growth capability for
uniform GaAsP material.

(2) Improve manufacturing techniques for array lead geometry,
resistor placement, array identification on wafer,'and flange focal length
measurement.

SUMMARY

Honeywell Optoelectronics at Richardson, Texas, was awarded the contract
to perform the above tasks. An existing VPE reactor was rebuilt with
improved fittings and controls. See Figure 1. New mass flow controllers and
automatic sequencing provided smooth grading, needed for minimizing wrap and
other defects. The epitaxial structure used consisted of a GaAsP epitaxial
layer grown on a GaAs substrate. A GaAs buffer layer deposition preceeded
the GaAsP epitaxial growth.

Following epitaxial growth, wafers were characterized to determine
quality, composition, and doping levels of the epitaxial layers.
Measurements were performed on each slice except for conductivity which was
measured on a lot basis. GaAsP epitaxial layer composition was evaluated
with a photoluminescent test system. This apparatus schematically shown in
Figure 2 included a He-Ne laser, lock-in amplifier, monochromator, and
preamplifier.

Warp was evaluated using the ADE Microsens. Slice thickness and
variation were measured by a non-contact, capacitively coupled technique.
The Van Der Pauw method was used to measure conductivity and carrier
concentration. This measurement was performed on a chrome doped
semi-insulating substrate included in each run.
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GaAsP slices were processed into the LED array front end area by forming

P-N junctions and performing surface metallization.

Processes included zinc

diffusion into the epitaxial material to form the P-N junction, vacuum

disposition and sinter of top and bottom metal contacts, vacuum deposition of
the anti-reflection coating, and lapping.
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After front end processing, good arrays were identified by wafer
probing. These were diced, visually inspected, and eutectically solder die
attached to a metallized ceramic header. Die anode contacts were wire bonded
to the header. All subassemblies were subjected to a 150 hour burn-in.
Major fabrication improvements were the following:

(1) A new alumina substrate with integral laser trimmed thick film
tantalum nitride resistors replaced a printed circuit board with discrete
resistors. The alumina substrate was fabricated in two 90 resistor element
halfs which were joined to provide an 180 element array.

(2) Automated inking with solenoid type inkers for array
identification superseded marking by a probe operator.

(3) Uniform element geometry problems were alleviated by modifying
metallization masks to provide contacting from only one array side.

(4) Flange focal length measurement operation was relieved by
demonstrating a rate capability in excess of that required under the
contract.

Confirmatory samples comprising LED modules which met the common module
specifications were fabricated with material grown by this effort and
delivered to NV&EOL. All contract goals relating to material parameters were
met or exceeded.

BENEFITS

This project established a production capability for epitaxially growing
GaAsP wafers which met Government specifications. A VPE reactor for
producing the GaAsP material has been demonstrated and verified, and LED
array fabrication and testing improvements reduced device cost and increased
reliability.

IMPLEMENTATION

Fabrication and assembly improvements resulting from this effort were
incorporated into the production line for GaAsP LED arrays at Honeywell's
Richardson, Texas plant.
MORE INFORMATION

Additional information may be obtained from Ms. Marilyn A. Jasper,

NV&EOL, Ft. Belvoir, VA, AUTOVON 354-1861 or Commercial (703) 664-1861. The
contract was DAAK70-79-C-0120.

Summary report, Jun 84, was prepared by S. Yedinak, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Projects H78,81 9889 Task B titled "18MM Third Generation 0.9 Micron
Wafer Intemsifier Tube" were completed by the US Army Electronics Research

and Development Command in June 1983 at a cost of $1,159,500 and $259,000,
respectively.

BACKGROUND

Third Generation 18mm intensifier tubes consist of a 0.9 micron
glass-sealed GaAs photocathode; input-filmed, high resolution microchannel

plate (MCP); and fiber optic inverter output window with a P-20 phosphor
screen. See Figure 1.

Figure 1 - Varian Third Generation VLI-238 Lightweight Tube

This device incorporates state-of-the-art design including reduced size
and weight; low noise MCP; high resolution fiber optic inverter;
InGaAs/AlGaAs/glass photocathode, and reduced input and output gaps to
restrict halo size and improve resolution. Tube characteristics include
indexing input and output seals to control both proximity gaps and condition
of critical sealing edges. This project is Task B of a two-task effort to
provide a second source for Third Generation Image Intensifier Tubes.
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SUMMARY

Task B was contracted to Varian Associates Incorporated, Palo Alto, CA.
The purpose of this task was to establish production techniques and processes
for Third Generation Image Intensifier Tubes. Major fabrication areas
selected for improvement included tube exhaust/processing.

An exhaust batch system was analyzed and optimized at four ports, a size
that minimized equipment costs and insured ten tubes per station per week.
The four-port system is shown in Figure 2. Major exhaust process and sealing
steps performed with this system were the following:

(1) Tube body and cathode load.

(2) Tube body and cathode bake and cool.

(3) Microchannel plate and phosphor screen electron scrub.
(4) Photocathode preparation (including heat clean).

(5) Cathode activation by applying cesium and and oxygen.
(6) Tube seal and unload.

Figure 2 - Varian Four-
- Port Process Station

The cathode was heat cleaned and activated with cesium and oxygen in a
separate chamber before being transferred to the tube chamber for final
sealing. Several exhaust equipment modifications were performed, including
forced heater block cooling to reduce processing time, double transfer arms
to improve component manipulation within the vacuum chamber, and improved
current-sensing techniques during cathode activation.
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Manufacturing capabilities were also refined for the brushed fiber optic .
phosphor screen. Screen fabrication processes optimized included fritting,
contact metallization, lacquer spin, phosphor brush and bake, Kasil fog and
bake, lacquer bake, aluminization, and scrub.

Tube Equivalent Brightness Input (EBI) was enhanced by eliminating
outgassing and cathode contamination during processing. This was achieved by
remodifying the cesium channel mounts. Tube photoresponse was improved by
correcting MCP contamination. An 8-hour MCP vacuum bake, with higher bakeoff
temperature prior to final film quality test eliminated the problem.

Principal electrical tests were photocathode sensitivity (uA/yp), Ion
barrier film quality, photocathode, MCP and screen quality, EBI (lm/cmz),
luminance gain, veiling glare, halo, and signal-to-noise ratio.

BENEFITS

This effort provided a firm base to improve overall quality and manufac-
turing yields for 18mm intensifier tubes. Increased production yields and
improved performance qualities accomplished should result in overall tube
cost reduction. It is estimated tube fabrication costs will be reduced
approximately $836 per device.

Since specific processes established are similar to those used in related
Third Generation devices, documentation generated may be utilized by
companies other than Varian.

IMPLEMENTATION

Processes generated by this project were incorporated into standard
manufacturing procedures at Varian and are now utilized in ANVIS production.
This documentation was also made available to all tube manufacturers for
upgrading manufacturing techniques.

MORE INFORMATION

Additional information may be obtained from Mr. Kurt Villhauer, Night
Vision and Electro-optics Laboratory, Ft. Belvoir, VA, AUTOVON 354-1725 or
Commercial (703) 664-1725. The contract was DAABO7-79-C-0055.

Summary report, Jun 84, was prepared by S. Yedinak, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299. ‘
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PRISMS AND OBJECTIVE

OPTICAL HOLOGRAPHIC TEST EQUIPMENT



MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Projects 179 7371, 180 7371, and 181 7371 titled "Integrated Blade
Inspection System (IBIS)” were completed by the US Army Missile Command in
February 1983 at a cost of $670,000.

BACKGROUND

The Army's T-700 turbine engine airfoil components', blades' and vanes'
inspection requirements specify a high degree of accuracy, reliability,
repeatability and thoroughness. The inspection requirements for the turbine
airflow components include contour, grill holes, internal and external
surfaces. The conventional inspection methods, currently employed, such as
visual, airflow, waterflow and probe, do not have the capability to achieve
the required accuracies. Also, these methods are very time consuming and
costly.

SUMMARY

The development of the IBIS system is a DoD Tri-Service funded program.
The objective of this program was to automate and improve the inspection
accuracy, reliability, repeatability and thoroughness of the turbine engine
airfoil components, blades and vanes. The Army's portion of the program was
primarily directed at assuring that the IBIS system has the capability to
inspect the T-700 turbine engine.

The IBIS system is comprised of four automated inspection modules,
interconnected through a computerized data management network. Each module
is designed to perform a specific type of inspection required during
manufacture and/or overhaul of stationary and rotating airfoil parts. The
inspection modules are:

e Visual Inspection Module (VIM) inspects for airfoil surface defects,
such as dents, nicks, and scratches. These indications are detected
using an optical profile sensor.

e TFluorescent Penetrant Inspection Module (FPIM) inspects for surface
flow indications. The FPIM and the VIM are similar in design,
construction, and performance. However, they differ significantly in
function, as the FPIM detects fluorescent penetrant indications
resulting from flaws such as tight cracks, laps, and porosity.

e X-Ray Inspection Module (XIM) inspects for internal casting flaws,
such as gas porosity and manufacturing flaws, such as intermal hole
position and dimensions. The XIM is being established to perform
filmless x-ray inspections with advanced computer software to
automatically determine the quality status of turbine airfoil parts.




e Infrared Inspection Module (IRIM) inspects for internal cooling
passage and surface cooling hole blockages. The IRIM utilizes
infrared thermography techniques to detect cooling flaws in air-cooled
ports. It is capable of detecting thermal conditions attributed to

these flaws both at the surface and within internal passages of the
part.

Each of the above modules interfaces to an information computer system
(ICS). ICS provides for the orderly management of inspection data. The ICS
maintains an integrated airflow data base, Figure 1 below.
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Figure 1 - Information Computer System

BENEFITS

The computer—based automatic preprocessing and inspection systems of IBIS
will offer, when completed, numerous benefits to DoD and the Army:

e Improved inspection reliability and repeatability
e Enhanced inspection thoroughness

e Increased inspection productivity

e Automatic information storage and retrieval

e Feedback for process control




IMPLEMENTATION

This IBIS system, for the most part, is planned to be installed at the
Air Force's San Antonio Air Logistics Center, San Antonio, Texas. (The only
exception is the X-ray Inspection Module (XIM) which will be installed at the
engine manufacturer's plant.) Recently, the first module, Fluorescent
Penetrant Inspection Module (FPIM) was delivered and installed. Currently
the FPIM verification testing is underway. The Infrared Inspection Module
(IRIM) and Visual Inspection Module (VIM) are scheduled for installation in
1985 and 1989 respectively. Once the IBIS program has been completed, the
Army will have the opportunity to purchase the IBIS system and software for
the T-700 turbine engine inspection at Corpus Christi Army Depot.

MORE INFORMATION

Additional information on this effort is available from B. Park,

AVRADCOM, St. Louis, MO, 63120, AUTOVON 693-1625 or Commercial (314)
263-1625.

Summary report, Jun 84, was prepared by D. Brim, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299,



MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project 277 9809 titled “Measurement Techniques for Chemicals Used in the
Manufacture of Solid State Microwave Devices™ was completed by the US Army
Electronics Research and Development Command, Electronics Technology and
Devices Lab in March 1982 at a cost of $659,471.

BACKGROUND

It was anticipated that in 1981 the Federal Government would spend $47
million for silicon microwave devices with an annual 20 percent increase.
The cost of the devices was high because the overall yield of the
manufacturing steps was very low (about 5 percent). The major cause of the
poor yield was the introduction of unusually high levels of critical
contaminants in some of the 50 processing steps. This is most likely the
result of material purity specifications which improperly address the 35
critical contaminants. This can account for a manufacturer temporarily
"loosing the recipe” until the contaminated material is used up. Improved
material specifications would be of great benefit if the critical
contaminants in the material were known.

SUMMARY

The goal of this project was to form the basis for an automatic test and
control system, which would include all the appropriate sensors to detect
impurity levels in the chemical reagents and particulate matter which might
be present in microwave semiconductor processing. This control system would
have the capability of analyzing all the chemical inputs to the process,
solid, liquid and gaseous. The functions of this detection and control
system were to have been several: to provide warning of excessive
contamination as early in the process as possible; to allow contaminated
material to be discarded, rather than accrue further manufacturing costs; to
be able to identify specifically the critical contaminants to microwave
technology and the threshold levels necessary to precisely control the
process; and to provide lot traceability throughout the process so that final
yields of end products could be correlated with known contamination levels
and appropriate yield improvements could be made.

The approach to the problem was first to develop an analytical model of
the semiconductor manufacturing process. The model would relate the
concentration levels of each contaminating element in each reagent to the
yield. These quantitative relationships would be expressed in terms of a set
of parametric transfer ratios or coupling coefficients. The model would be
exercised in parallel with the operation of the production line. Each
intermediate step, as well as the final yields of the process, would be
correlated with the corresponding step predicted by the model.
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When reasonably stable correlation coefficients could be established
between the model and the process, the model would be reduced to a set of
linear-programming objective functions suitable for optimization against any
given set of constraints. From these, a set of contaminant threshold levels
and monitoring points would be established that would assure a specified
yield/cost target. A specification for a system which could monitor and
optimize a microwave semiconductor manufacturing process would then be
generated.

Microwave Associates provided the semiconductor production facilities and
technology, fabricated the high voltage PIN diodes, performed all chemical
analyses, and evaluated the yields. Harris Corporation provided project
management, system engineering, computer facilities, analytical modeling and
performed all statistical analyses.

Equipment decisions made early in the project proved faulty and
detrimental to the project. The computer controlled plasma coupled emission
spectrometer, Jarrell-Ash Plasma Atomcomp, was purchased and installed at
Microwave Associates. Operation of the instrument proved to be time
consuming because of the frequent maintenance it required, the number of
manual controls to adjust, the long recalibration time and the long period of
training required. Also, automatic test equipment for measuring the
electrical characteristics of the diodes was assumed to be available, but was
not. The device yield had to be determined manually.

The lack of adequate test data precluded the completion of a model for
predicting manufacturing yields or to establish the feasibility of the
project's objectives. Of the 4,500 sample runs anticipated in the original
program plan only 90 were accomplished, of which many were invalid or of
doubtful value.

The statistical analyses performed on the database yielded no significant
relationships between levels of contamination and the final yield of the
wafers. However, these analyses suggest that the measurement for yield
developed is ineffective from a statistical point of view, indicating a
possible problem in defining yield.

The direction indicated for future attempts to predict yield must be to
develop a methodology for actually monitoring a diode production line in
order to build a sufficiently large database upon which to conduct extensive
sophisticated statistical investigations.

BENEFITS

Because only a small portion of the required work to reach the goal was
actually accomplished, no benefits are foreseen from this project. The
purchased equipment currently in place at Microwave Associates has been used
very successfully in failure analysis.



IMPLEMENTATION

No implementation of this project is possible.

MORE INFORMATION

Additional information may be obtained by contacting Mr. George Morris,
ERADCOM, AUTOVON 995-2825 or Commercial (201) 544-2825,

Summary report, Jun 84, was prepared by D. Richardson, Manufacturing

Technology Div, US Army Industrial Base Engineering Activity, Rock Island, IL ‘
61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project 679 7555 titled “Dynamic Pressurization Acceptance Testing of
Slide Block Breech Mechanisms™ was completed in February 1983 by US Army
Armament, Munitions and Chemical Command at a cost of $132,000.

BACKGROUND

The slide block breech mechanism's functional and proof production
acceptance testing is currently performed at a proving ground by 1live
firings. This testing is both time consuming and costly. If this production
acceptance testing could be simulated, the cost and time would be reduced
substantially.

SUMMARY

This is the second phase of a two-phased effort. The first phase
produced the design, fabrication and test of the slide block breech gymnasti-
cator acceptance testing simulator (see Figure 1). The objective of this
effort was two fold: (1) provide an instrumentation package and (2) modify
the dynamic pressurization stand for the slide block breech gymnasticator
testing simulator.

WET ETSTESE Slide mlss=k
Hressh Syrnaeticstsr

Figure 1 - Slide Block Breech Gymnasticator
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To improve the performance of the gymnasticator, an add-on instrumenta- ‘
tion package was developed to measure the forces required to open the breech
and trip the extractors. To measure the breech opening forces, a handle
extension is used which measures the force required to depress the plunger
and the force required to rotate the operating handle. With the add-on
instrumentation package, the test breech mechanism is placed on the gymnasti-
cator, the linear velocity transducer is mounted on the breech, the
photocells are mounted behind the breech, and the handle extension is
attached to the operating handle. When the breech is opened, a trace of the
plunger force and opening torque is generated on the x-y recorder. A shell
casing is then loaded into the breech so that it just contacts the extrac-
tors. An instrumented rammer is placed against the shell casing. The shell
casing is rammed into the tube, tripping the extractors. The gymnasticator
is cycled to record and counter recoil the breech mechanism. During the
counter recoil phase, the linear velocity transducer and the photocells are
energized and the breechblock opening velocity recorded and the time required
for ejecting shell casing is detected by the photocells and recorded.

Major modifications were made to the original dynamic pressurization test
stand. The original test stand included a stub tube simulating the gun tube,
a top piston to simulate the shell casing, a base plug with integral seals
and a filler base. The test stand fixture was modified to incorporate a top
piston with a hallite seal backed by a wedge ring and the base plug and stub
tube were combined to eliminate the bottom seals. These modifications were
required as the sealing system was very poor, failing every seventy to one
hundred cycles.

BENEFITS

The primary benefits realized from this effort by the Army was the
capability to simulate the slide block breech mechanisms production accept-
ance testing. This simulated acceptance testing has reduced the live firing
requirements by 75 percent.

IMPLEMENTATION

This slide block breech mechanism dynamic pressurization acceptance
testing simulator was first used as a production acceptance test method was
in January 1978 at Watervliet Arsenal.

MORE INFORMATION

To obtain more information, contact the project officer, J. M. Paine,
AUTOVON 974-4238 or Commercial (518) 266-4238.

Summary report, Jun 84, was prepared by D. Brim, Manufacturing Technology ‘
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project R80 1023 titled "Digital Fault Isolation for Hybrids™ was
completed by the US Army Missile Command in December 1982 at a cost of
$300,000.

BACKGROUND

The growing use of LSI circuits, microprocessors, RAMS, and ROMS has
increased the need for more efficient and economical production testing of
the hybrid devices in which they are contained. This project sought to adapt
the digital fault isolation techniques and test equipment for printed circuit
boards produced under MMT R77,78 3242 to the special circuitry and probing
requirements of hybrid assemblies.

SUMMARY

This effort was funded to establish fault isolation and automotive
functional testing for digital hybrid microelectronic assemblies (D/HMA) .
Work was performed by Hughes Aircraft Company, Fullerton, CA. Tasks were to
provide a single D/HMA test probe automated for X, Y, Z position and
hardware/software compatible with Hewlett Packard's DTS-70 host Automatic
Test Equipment (ATE) computer. See Figure 1.

Figure 1 - Host ATE System,
Hewlett-Packard DTS-70

Based on hardware/software performance, cost, and schedule, the Hughes
HMC-2460 automatic wire bonder was chosen for autoprobe application over four
other positioner candidates. As an autonomous device, HMC-2460 salient
features included 6809 microprocessor, software, firmware, + 0.1 mil X, Y
position accuracy with 20-pound bearing payload, 450-mil Z stage travel with
ultrasonic touchdown sensing, and software alignment of the D/HMA for X, Y,
and & coordinates. HMC-2460 adaption for autoprobe usage required the
following modifications:
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(1) Remount the Z stage and CCIV camera to the X, Y stage.

(2) Provide a test probe with ceramic capillary and tungsten tip
suitable for ultrasonic touchdown control.

(3) Produce a fixed platform D/HMA socket mount for the test
candidate.

(4) Incorporate the IEEE-448 bus electronics cord for host computer
control of the autoprobe.

Figure 2 is a closeup of the HMC-2460 autoprobe hardware adaption at a time
shortly before completion. Figure 3 depicts the Hughes autoprobe system
equipment after modification for the hybrid fault isolation program. A
closeup of the D/HMA in its test socket is shown in Figure 4.

Figure 2 - The Hughes HMC-2460 Figure 3 - Hughes Modified HMC-2460
Automatic Wire Bonder Adapted Autoprobe
for Autoprobe Testing

Five system interface software elements were produced for expedient
autoprobe control. The HMC 2460 and Hewlett Packard DTS-70 combined software
required 3225 and 2250 program lines distributed among respective terminals.

Test software was purposely minimized by selecting a simple 22 pin D/HMA
flatpack. This hybrid consisted of TTL NAND gates and inverters with 5 logic
levels input to output. A specially built test adapter provided .
interconnections and switch selected test conditions at nodes for SAI or SAO
faults,
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Figure 4 - Closeup View of
the D/HMA Test Socket and
Ceramic Capillary Mounted to
the Ultrasonic Bar

DTS-~70 TESTAID and FASTRACE software were utilized to generate a test
program which required 170 lines and achieved a 0.94 percent detection
comprehension (ability to detect all faults.)

D/HMA GO/NO GO functional test time was 5 seconds. Fault isolation was
within 0.6 to 2,5 minutes with a major contribution provided by ATE system
overhead.

BENEFITS

In general, benefits realized include improved techniques for detection,
identification, and location of faults in complex D/HMA's. Hybrid circuit
test times and operator error were reduced and testing reliability was
increased. An estimated 30 percent reduction in fault isolation costs with
savings of $450,000 per year should result.

IMPLEMENTATION

The resultant system is scheduled for implementation into Hughes
Aircraft's Tucson GOCO facility for testing missile systems,
MORE INFORMATION

Additional information may be obtained from Mr. Gordon Little, MICOM,

Redstone Arsenal, AL, AUTOVON 746-3604 or Commercial (205) 876-3604. The
contract was DAAH-01-81-D-A002.

Summary report, Jun 84, was prepared by S. Yedinak, Manufacturing Technology
Div, US Army Industrial Base Engineering Activity, Rock Island, IL 61299.
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MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Project 178 7055 titled "Ultrasonic Weld Bonding of Primary Structure”™ was
terminated by the US Army Aviation Research and Development Command in
December 1982 at a cost of $208,309.

BACKGROUND

This project was to develop and optimize a process for ultrasonic weld
bonding helicopter primary structures. Conventional adhesive bonding was time
consuming and expensive.

SUMMARY

The purpose of this project was to expand ultrasonic welding technology
and apply it to weld bonding of primary airframe structures. This combination
of ultrasonic welding and adhesive bonding processes will be directed toward a
cost effective process which can be applied to production components of the
AH-64 Helicopter.

The YAH-64 Wing Flap was selected as the primary structural component to
expand ultrasonic weld bonding technology. The wing flap was selected in
order to facilitate fit and function tests and implementation on the AH-64
production aircraft. Problems were encountered in developing a satisfactory
metal surface preparation process to accommodate ultrasonic weld bonding. The
ultrasonic weld bonds made during the coupon test program failed and were
unsatisfactory. The project was terminated. The surface preparation required
for adhesive bonding was not compatible with ultrasonic welding.

BENEFITS
The project was technically unsuccessful and was cancelled without

expending all of the funds. The surface preparation required for adhesive
bonding was not compatible with ultrasonic welding.
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IMPLEMENTATION

This project will not be implemented.

MORE INFORMATION

Additional information covering this project may be obtained from Mr.
Bruce Park, AVRADCOM, AV 693-1625 or Commercial (314) 693-1625.

Summary report, June 84, was prepared by Wally Graham, Manufacturing
Technology Division, US Army Industrial Base Engineering Activity, Rock
Island, IL 61299.




MANUFACTURING METHODS AND TECHNOLOGY
PROJECT SUMMARY REPORT
(RCS DRCMT-302)

MMT Projects 177 7238 and 179 7238 titled "Precision Forged Aluminum Powder
Metallurgy Helicopter Component™ were terminated after expenditures of
$22,600 and $130,700 for Fiscal Years 77 and 79. The remaining contractual
funds were returned to the US Army.

BACKGROUND

The development of high strength powder metallurgy (P/M) aluminum alloys
has established an improved range of engineering properties for the aerospace
industry. Producing P/M billets of superior properties is an expensive and
complex process requiring isostatic compaction, vacuum preheating and hot
pressing of a canned billet. This effort was to develop a low-cost precision
forging process for production of airframe components from P/M alloys that
would by-pass several of the processing steps associated with current
processing.

This MMT effort was a joint service investigation, funded by both Army
and Air Force, under contract with the Aluminum Company of America (ALCOA).

SUMMARY

The overall objective of this effort was to establish manufacturing
methods for the production of precision airframe and helicopter components by
aluminum P/M methods. The achievement of this objective consisted <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>